The i-ST AT(f:) point-of-care testing analyser, which utilizes single-use multisensor cartridges, was evaluated. Two cartridges were assessed: the 6 + and the G3 +, which provide results for urea, glucose, sodium, potassium, chloride, haematocrit, pH, PC0 2 , P0 2 and various calculated parameters. The results for all analytes agreed well with the analysers in routine use in the laboratory. The reproducibility was comparable even when analysis was carried out by a nurse with only 5 min training. The system was found to be reliable, easy to use and required no maintenance (only a 2-min daily check of the electronics). These features, together with portability and the storage capacity for results, make the i-STAT suitable for point-of-care use, particularly in critical care units.
INTRODUCTION
In the UK, as in other areas of the world, there is increasing pressure on pathology departments to provide a more rapid service, especially to critical care units.' In attempting to meet these requirements laboratories are adopting various options, including providing a 'stat laboratory' (staffed or automated) near the unit,2,3 installing pneumatic tubes to transport samples," and providing 'near patient testing' analysers.S" None have met with universal success, being either expensive to install, maintain and support or having a limited range of analytes.
Recent advances in the microfabrication of electrochemical detectors have led to improved stability and reduced cost of manufacture for a wide range of analytes.Y The i-STAT~) system (i-STAT Corporation, Princeton NJ, USA) has been developed as a Point-of-Care Testing (PaCT) analyser, intended to be used at the patient's bedside. It employs single-use cartridges, requires almost no maintenance, can analyse whole blood and is easy to use. We evaluated the i-STAT system from an analytical perspective and assessed its suitability for critical Correspondence: Dr D Bingham. 66 care units, particularly within the accident and emergency (A&E) setting.
The A&E department is ideally suited to paCT. It requires rapid provision of results, for a wide range of analytes, throughout the day. Analysis in the cubicle will considerably reduce the possibility of assigning the wrong results to a patient. Since the A&E department is staffed primarily by a rotating population of junior doctors, any analytical system for their use should require little training and be easy to operate.
METHODS
During a clinical outcome study evaluating the impact of paCT in an A&E department, the opportunity was taken to evaluate the i-STAT analyser for accuracy, reproducibility of results and ease of use.
The ethics committee of the United Bristol Hospitals Trust gave approval for the study.
Instrumentation
The i-STAT system consists of a hand-held, battery-powered clinical analyser which uses multisensor disposable cartridges." The cartridge consists of microelectrodes fabricated onto silicon chips, a sample well, a standard solution and channels to conduct the standard or sample onto the electrodes. The sample whole blood, serum or plasma is dropped into the well until it reaches the fill mark (approximately 65 tiL is required), the well is capped and the cartridge inserted into the instrument. After making electrical contact, the standard solution and then the samples are pumped over the electrodes. Results are available in 2 min, being displayed on a liquid crystal screen, and can be printed out. A range of cartridges are available to measure calcium, glucose, electrolytes, urea, haematocrit and blood gases. Up to 50 patient results can be stored in the analyser's database. Software is available to download the results into a hospital information system. Two cartridges were studied, the 6 + and the G3 +. The 6 + cartridge measures sodium, potassium, chloride, urea, glucose and haematocrit with calculated haemoglobin. The G3 + measures pH, PC0 2 and P0 2 with calculated bicarbonate, total CO 2 , base excess and oxygen saturation.
Sodium, potassium and chloride are measured by ion-specific electrodes, urea by urease-coated ammonium ion electrodes, glucose by a glucoseoxidase-coated amperiometric electrode and haematocrit by conductivity with correction for the electrolyte concentration. pH and PC0 2 are measured by potentiometric electrodes and P0 2 amperiometrically with a Clark electrode.
Heparinized whole blood was used as the sample for the i-STAT throughout the clinical study. Plasma and serum samples were analysed in the laboratory for urea, glucose and electrolytes on a Hitachi 717 (Boehringer Mannheim, Lewes, UK). Heparin and ethylenediaminetetraacetic acid (EDTA)-preserved whole blood was analysed for haematocrit and haemoglobin with a Technicon H3 (Bayer, Newbury, UK).
Daily maintenance is carried out by insertion of a simulator into the cartridge slot, which checks the electronics. This was performed as recommended and took just over 2 min.
Samples

Electrolytes
When patients presenting at the A&E department were having a blood sample collected as part of the clinical study an additional heparinized sample was taken. Samples were collected by venepuncture using a 'vacutainer' system (Becton-Dickinson, Oxford, UK). A total of 63 such samples were analysed. Eight distributions from the Wales External Quality Assessment Scheme (WEQAS), with five serum samples in each distribution, were analysed retrospectively. Some of these samples had been stored for up to 2 months at -4°C.
Blood gases
During two 8-h periods all samples taken from intensive therapy unit patients for blood gas analysis were used. These samples were taken via an indwelling radial artery catheter using preheparinized syringes. A total of 40 samples were analysed.
Accuracy
Electrolytes
The samples collected in the A&E department were analysed in situ on the i-STAT system with 6 + cartridges by one of the investigators (lK), as part of the clinical study. For an initial 2week period all samples were then sent to the laboratory by pneumatic tube and reanalysed on an i-STAT by another investigator (DB), ensuring adequate mixing; aliquots were taken for analysis of haemoglobin, the remainder centrifuged and the plasma analysed for urea, glucose and electrolytes. Note was made of the results of the matched samples sent routinely to the laboratory: EDTA-whole blood for haemoglobin, and serum (SST Vacutainer) for urea, glucose and electrolytes. Subsequent to this period, only samples with abnormal results as analysed in the A&E department were sent to the laboratory. This enabled a wider spread of results with minimal cartridge use.
Blood gases
The performance of blood gas measurements was assessed with the G3 + cartridge. Each sample was analysed initially on the i-STAT system, then on the Radiometer ABL 625 (Radiometer, Crawley, UK), then again on the i-STAT, ensuring adequate mixing between analyses.
Reproducibility
Two quality control materials (Randox UK Ltd, Crumlin, Northern Ireland), used routinely on the Hitachi 717s of the chemical pathology laboratory, were analysed twice each day for 21 days in the A&E department with the 6 + cartridge.
An A&E nurse was briefly taught (in 5 min) to use the i-STAT system and then analysed a whole blood heparinized sample 10 times.
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15·0 20·0 Comparisons were made between the results from the i-STAT in the laboratory with the results for plasma samples on the Hitachi 717 and for heparinized whole blood on the Technicon H3. Altman-Bland plots showed that for all analytes except urea the bias between the analysers was not concentration-dependant. However, at urea concentrations above 12mmol/L the i-STAT showed a deviation towards higher results (Fig. la) . Paired t-test analysis showed the i-STAT to give lower results for potassium and sodium but higher results for haematocrit, with a respective mean difference of 0·1 mrnol/L (P= 0,0001) ( Fig. Ib) , 0·7mmol/L (P=0'014) and 0·015 (P=O.OOOI) (Fig. Ic) . All other analytes showed no significant differences. Comparison of the i-STAT results with serum results from the Hitachi 717 and EDTA-whole blood results from the Technicon H3 were similar to the comparisons with heparinized blood. The i-STAT showing lower results for potassium 0'24mmol/L (P=O'OOOI) and sodium lfimmol/L (P=O'OOOI), the haematocrit being 0·013 (P=O'OOOI) higher. The results for the WEQAS samples when compared to the all method means were consistent with the above biases, the i-STAT giving slightly lower sodium and potassium values and urea results deviating from linearity at higher concentrations.
Altman-Bland plots of pH and blood gas results showed that there was no difference between the results of the i-STAT and the Radiometer ABL-625. Paired t-test analysis for the blood gas analytes showed a significant difference only for P0 2 , the i-STAT giving results 0·38kPa higher (P=0·OQ08) (Fig. Id) .
Reproducibility
The results of the reproducibility studies are given in Table I , which shows comparable precision for the Hitachi 717 and i-STAT analysers. The A&E nurse obtained reproducibility on the i-STAT similar to that obtained by the main investigators. The reproducibility of 118  2·35  91·2  8·5  2·9  SD  0·73  0·05  0·73  0·3  0·12  %CV  0·6  2·1  0·8  3·5  4·1  RI  Hitachi 717 20  Mean  118  2·35  87·5  8·6  2-9  SD  1·1  0·07  1·3  0·2  0·07  %CV  I  2·8  1·5  1·8  2·3  R2  i-STAT  20  Mean  142  5·06  119·6  26·1  IS  SD  1·5  0·08  0·96  0·5  0-42  % CV  1·1  1·6  0·8  1·9  2·8  R2  Hitachi 717 20  Mean  144-4  5·15  113·5  23-1  20·5  SD  1·3  0·07  1·3  0-4  0·4  %CV  0·9  1·3  1·2  1·6  2  BI  Nurse  10  Mean  141  3-88  104  5·1  5  0·43  SD  0  0·04  0·7  0·1  0·08  0·008  % CV  0  I  0·7  2 1·6 1·8 Hct = haematocrit; GI = Glucose; R1, R2 = control material; BI = heparinized whole blood sample; %CV = percentage coefficient of variation.
blood gas analysis as estimated from duplicate results is shown in Table 2 . This compares favourably with conventional analysers.
DISCUSSION
The i-STAT analysis system was found to be very simple and reliable to use. Checking the electronics with the simulator each day was the only routine maintenance required. The only 'user' problem encountered was 'insufficient sample' errors caused by air bubbles in the sample. This was a result of frothing of the samples, previously opened in the A&E department, during transport in the pneumatic tube and would therefore not be a problem with samples analysed at the point of care. The slightly lower results for potassium and sodium from whole blood samples measured on the i-STAT, compared with plasma and WE-QAS samples, is likely to be due to a small difference in calibration. However, such a small reproducible difference is of no clinical relevance. The larger difference for potassium results between whole blood and serum measured on the i-STAT is consistent with its release from cells during the clotting process. The tendency for the i-STAT to produce urea results higher than those of the Hitachi 717 at values above l Zmmol/L was observed with both patient samples and WEQAS control material. This would suggest an inaccuracy in calibration of the i-STAT system. It is unlikely that the observed differences would affect clinical decisions. The agreement for glucose and chloride is excellent.
The higher haematocrit values found with the i-STAT are similar to those observed previously." The estimation of haematocrit by conductimetry is influenced by protein concentration and high white cell counts, and applying a correction for these parameters did not reduce this bias. The bias and spread of the haematocrit results are unlikely to influence clinical decisions. However, if the haemoglobin concentration, as calculated by the i-STAT, was compared with that produced by the Technicon H3, clinically significant differences were observed. We would therefore discourage the use of the calculated haemoglobin on the i-STAT.
The agreement between pH, PC0 2 and P0 2 results measured by the i-STAT and the Radiometer ABL 625 was satisfactory, as was the reproducibility of these analytes.
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The reproducibility studies show that the i-STAT results were more reproducible than the Hitachi 717 results for electrolytes but slightly less so for glucose and urea. The results obtained by the A&E nurse were comparable to those obtained by the main investigators, demonstrating the ease of use and the operator independence of the analyser, and how little training is required.
Investigations performed by A&E clinicians will be aimed at either establishing diagnosis and/or directing management. The current menu of analytes offered by i-STAT includes most investigations required in an emergency situation to guide therapy (sodium, potassium, urea, calcium, glucose, P0 2 , PC02, acid-base status and haematocrit). Those analytes not available (e.g., clotting studies, paracetamol, creatine kinase) are required in a less time-dependant manner and sampling may even be delayed to meet diagnostic criteria (e.g., in the case of paracetamol or creatine kinase). The analytes available will facilitate the immediate stabilization of patients with intravenous fluids, blood or oxygen, prior to transfer to a ward or other hospital for more specific diagnostic procedures and therapy. The i-STAT system may therefore fulfil a role in prompting and guiding appropriate therapeutic intervention at the point of care, but it cannot offer a comprehensive diagnostic service.
